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(54) Drive control system for hybrid vehicles 

(57) A drive control system for a hybrid vehicle for 
preventing a delay in the application of a one-way clutch 
in a transmission and an application shock. In this drive 
control system, an electric motor and an internal com- 
bustion engine are coupled to the input side of a trans- 
mission having at least one gear stage to be set by 
applying a one-way clutch. The drive control system 
comprises: a detector for detecting a coasting state in 
which the one-way dutch is released in a deceleration 

FIG.3 
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state set with the gear stage; and an input speed raising 
device for driving the electric motor when the coasting 
state is detected, so that the input speed of the trans- 
mission may approach the synchronous speed which is 
the product of the gear ratio of the gear stage to be set 
by applying the one-way clutch and the output speed of 
the transmission 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a system for 
controlling a driving force in a hybrid vehicle which is 
provided as its prime mover with an internal combustion 
engine such as a gasoline engine or a Diesel engine 
and an electric motor such as a motor/generator for out- 
putting a torque when energized by an electric power. 
More particularly, the invention relates to a system for 
controlling the driving force of the hybrid vehicle in 
which a transmission having a gear stage to be set by 
applying a one-way dutch is arranged a power trans- 
mission line leading from the prime mover to drive 
wheels. 

Related Art 

[0002] As the type of the aforementioned hybrid vehi- 
cle employing the internal combustion engine and the 
electric motor as its prime mover, there is known a 
series hybrid type using the internal combustion engine 
only for the electric power generation or a parallel hybrid 
type using the internal combustion engine for both the 
power generation and the running power. In the latter 
parallel hybrid type, the vehide is run by the output of 
the internal combustion engine transmitted to the drive 
wheels. As a result the driving power requested for the 
run and the output characteristics of the internal com- 
bustion engine are not necessarily coincide, and the 
internal combustion engine cannot be rotated back- 
ward. This makes it preferable to provide a transmission 
as in the general automobile of the prior art. 
[0003] One example of the hybrid vehide, which is 
equipped with an automatic transmission capable of 
setting a plurality of gear stages, is disclosed in Japa- 
nese Patent Laid-Open No. 9-193676 (J PA9- 193676). 
The hybrid vehide, as disdosed, is constructed such 
that a motor/generator is coupled to a torque synthesiz- 
ing/distributing mechanism including a planetary gear 
mechanism and such that the engine is selectively cou- 
pled to the torque synthesizing/cSstributing mechanism 
through an input clutch. The hybrid vehide is equipped 
with a power transmission line which has ^-plurality of 
gear stages coupled to the output side of the torque 
synthesizing/distributing mechanism . This automatic 
transmission is constructed Ifce the known automatic 
transmission such that a low or medium gear stage is 
set by applying a one-way clutch so as to facilitate the 
change of the speed at the low or medium gear stage. 
[0004] As well known in the art, the one-way clutch is 
application means which is applied/released according 
to the acting direction of a torque. When the speed is 
changed from a gear stage, which is set by applying the 
one-way dutch, to another, the direction of the torque to 



act on the one-way dutch is inverted according to the 
change in the applied/released state of a frictional 
engagement device such as a mufti-disc dutch or a 
multi-disc brake. As a result, the desired speed change 

5 is achieved as the one-way dutch is automatically 
released. Since the release of the one-way clutch is 
effected by the inversion of the direction of the torque 
acting thereon, the direction of the torque to act on the 
one-way clutch is inverted in the deceleration of the 

10 vehide from that of the driving state so that the one-way 
dutch comes into an overrun state or a released state. 
[0005] When a down shift to a gear stage to be set by 
applying the one-way dutch is caused by depressing an 
accelerator pedal again from a deceleration state (or a 

15 coasting state) with the accelerator pedal being 
released, for example, the one-way dutch, as released 
in the coasting state, is applied by the so-called "power 
ON downshift". In this case, the speed of a rotary mem- 
ber on an input side with respect to the one-way dutch 

20 rises from an engine speed (or an input speed) to a syn- 
chronous speed at the gear stage after the speed 
change. 

[0006] As a result the difference in the speed before 
and after the speed change increases to raise the 

25 accompanying inertial force, so that the shock at the 
time of applying the one-way dutch may deteriorate. 
Since the speed of the rotary member on the input side 
changes highly, the time period for the gear stage after 
the speed change to reach the synchronous speed is 

30 elongated to cause an increase in the driving force or 
- the so-called "sluggishness", as exemplified by a delay 
in the acceleration. 

SUMMARY OF THE INVENTION 

35 

[0007] A prindpal object of the invention is to prevent 
the delay in the output rise accompanying a power ON 
or the deterioration of the shock resulting from the appli- 
cation of a one-way dutch in a hybrid vehicle which is 

40 provided with a transmission. 

[0008] Therefore, a dive control system according to 
the invention is applied to a hybrid vehide, in which an 
electric motor and an internal combustion engine are 
coupled to the input side of a transmission capable of 

45 setting at least one gear stage for applying a one-way 
dutch. Moreover, the drive control system comprises: 
coasting state detecting means for detecting a coasting 
state in which the one-way dutch is released in a decel- 
eration state set with the gear stage; and input speed 

so raising means for driving the electric motor when the 
coasting state is detected, so that the input speed of the 
transmission may approach the synchronous speed 
which is the product of the gear ratio of the gear stage 
to be set by applying the one-way dutch and the output 

55 speed of the transmission. 

[0009] When the hybrid vehicle is brought into the 
coasting state by performing a deceleration while the 
one-way dutch being released, therefore, the electric 
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motor is controlled so that the input speed of the trans- 
mission may rise according to the detection of the 
coasting state at the gear stage. This input speed is 
augmented to either the synchronous speed set in the 
speed stage by the application of the one-way clutch or 5 
a speed slightly smaller than the synchronous speed. 
Even if the input speed is augmented by augmenting 
the output from the coasting state so that the one-way 
clutch is applied, therefore, the change in the speed till 
the application of the one-way clutch is little or zero. 
This makes' it possible to prevent the delay in the 
increase in the output speed or the accompanying so- 
called "sluggishness**. Since the speed change tilt the 
application of the one-way clutch is little or zero, moreo- 
ver, it is possible to prevent the deterioration of the 
shock. When the speed of the electric motor is raised to 
increase the input speed of the transmission, moreover, 
the speed of the electric motor is raised by a predeter- 
mined number. This control prevents the overshoot in 
the speed of the electric motor. 
[0010] The above and further objects and novel fea- 
tures of the invention will more fully appear from the fol- 
lowing detailed description when the same is read with 
reference to the accompanying drawings. It is to be 
expressly understood, however, that the drawings are 
provided for the purpose of illustration only and are not 
intended as a definition of the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a flow chart showing one example of a con- 
trol routine, as executed in a drive control system of 
the invention, of the input speed of a transmission 
at a coast-down shifting time; 
Fig. 2 is a diagram schematically showing one 
example of a drive system of a hybrid vehicle, to 
which the invention is applied; 
Fig. 3 is a skeleton diagram showing one example 
of the gear train of the transmission; 
Fig. 4 is a diagram enumerating the running modes 
which can be set by the drive system shown in Fig. 
2; 

Fig. 5 is a diagram presenting an application dia- 
gram of the gear stages which are set by the trans- 
mission shown in Fig. 3; - — 
Fig. 6 is a time chart illustrating the changes in the 
speed of the cases in which the control shown in 
Fig. 1 is made and not 

Fig. 7 is a flow chart showing one example of 
another control routine, as executed in the drive 
control system of the invention, of the input speed 
of the transmission at a coast-down shifting time; 
and 

Fig. 8 is a time chart illustrating the changes in the 
speed of the case in which the control shown in Fig. 
7 is made. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0012] The invention will be described in more detail 
with reference to the accompanying drawings. The 
invention relates to a drive control system for a hybrid 
vehicle employing an electric motor and an internal 
combustion engine as its motive force sources. Here, 
the internal combustion engine is in short a motive force 
source for outputting a motive power by burning a fuel, 
as specified by a gasoline engine, a Diesel engine or a 
gas engine using a gaseous fuel such as a hydrogen 
gas and as classified into not only a reciprocating 
engine but also a turbine engine. Moreover, the internal 
combustion engine will be abbreviated into the "engine" 
in the following description. 

[0013] On the other hand, the electric motor is in short 
a motive force source to be electrically activated to out- 
put a motive power, as specified by a variety of motors 
such as a stationary magnet type synchronous motor or 
a DC motor and further by a motor/generator to b 
driven by an external power to generate an electric 
power. Moreover, the electric motor can be used with a 
power generator. Here, the electric motor will be exem- 
plified by the motor/generator. 
[0014] The hybrid vehicle to which the invention is 
applied, is of the type in which the engine is rotated by 
the output of the electric motor and started by feeding it 
with the fuel when its speed reaches a predetermined 
level. Specifically, the engine and the electric motor are 
connected to a transmission mechanism so that the 
engine can be driven by the output torque of the electric 
motor, so that the output torques of these electric motor 
and engine can be synthesized and outputted by the 
transmission mechanism, and so that the output torque 
of the engine can be distributed to the electric motor 
and a transmission by the transmission mechanism. 
Thus, the transmission mechanism can be constructed 
of a planetary gear mechanism. Moreover, a speed 
change mechanism, as connected to the output side of 
the transmission mechanism, can be exemplified by an 
automatic transmission, the gear ratio of which is con- 
trolled according to the running condition such as a 
vehicle speed and an engine load. 
[0015] Fig. 2 shows an entire construction of a drrv 
system in a hybrid vehicle according to the invention. 
This drive system is equipped as a prime mover with an 
engine 1 and a motor/generator 2. The engine 1 is 
equipped with an electronic throttle valve 3 for increas- 
ing the degree of throttle opening in accordance with the 
depression of the not-shown accelerator pedal. There is 
provided an electronic throttle electronic control unit (or 
an electronic throttle ECU) 4 mainly for controlling the 
opening of the electronic throttle valve 3. This electronic 
control unit 4 is fed with an accelerator opening signal 
indicating the depression of the accelerator pedal, to 
output a throttle opening signal, as based on the accel- 
erator opening signal, to the electronic throttle valve 3. 



is 



so 



25 



30 



35 



40 



45 



SO 



3 



BNSOOCJO. <EP 0334844A2 I > 



5 



EP 0 934 844 A2 



6 



Here, the characteristic values for determining the rela- 
tion betw en the accelerator opening and the throttle 
opening can be changed either accorcfing to the state of 
the vehicle or by the manual operation of the driver. 
There is further provided an engine electronic control $ 
unit (or an engine ECU) 5 for controlling the engine 1. 
[0016] The motor/generator 2 is given a known con- 
struction in which an output torque is established at a 
rotary shaft 6 integrated with a rotor when the rotor is 
rotated by energizing a coil and in which an eJectromo- io 
tive force is generated at the coil by rotating the rotor by 
an external force through the rotary shaft 6. A battery 8 
is connected with the motor/generator 2 through an 
inverter 7. In order to control the rotation of the 
motor/generator 2, moreover, a motor/generator elec- 15 
tronic control unit (M/G-ECU) 9 is connected with the 
inverter 7. 

[0017] The engine 1 and the motor/generator 2 thus 
far described are connected to a torque synthesiz- 
ing/distributing mechanism 10 corresponding to the so 
transmission mechanism. This torque synthesizing/ dis- 
tributing mechanism 10 is constructed mainly of a set of 
a single pinion type planetary gear mechanism 1 1 and 
two dutches Ci and Cd. A sun gear 12 or a first rotary 
element of the planetary gear mechanism 11 is 25 
mounted on the rotary shaft 6 of the motor/generator 2. 
An output member is provided either by a carrier 14 
(corresponding to a third rotary element) holding a pin- 
ion gear which is arranged between the sun gear 1 2 and 
a ring gear 13 (corresponding to a second rotary ele- 30 
merit) or an internal gear arranged concentrically with 
that sun gear 12, or by a (not-shown) member such as 
a shaft integrated with that carrier 1 4. 
[0018] The input dutch Ci is arranged between the 
ring gear 13 and an output shaft 1 A of the engine 1 for 35 
coupling them selectively. Moreover, the integral dutch 
Cd integrates the entirety of the planetary gear mecha- 
nism 1 1 by coupling any two rotary elements (e.g., the 
sun gear 12 and the carrier 14) in the planetary gear 
mechanism 11. Here, these clutches Ci and Cd are 40 
made of friction dutches to be hydraulicafly applied. 
[001 9] The carrier 1 4 is connected with a transmission 

15. This transmission 15 is an automatic one capable of 
setting gear stages of four forward and one reverse 
stages and is constructed mainly of three sets of single 4$ 
pinion type planetary gear mechanisms and a plurality 

of frictionaJ engagement devices. The transmission 15 

has a gear train, as shown in Fig. 3. 

[0020] The first to third planetary gear mechanisms 

16, 17 and 18 are respectively composed of: sun gears so 
S1. S2 and S3; ring gears R1, R2 and R3; and pinions 

P1 . P2 and P3 which are rotatably supported by carriers 
K1, K2 and K3 to mesh with the sun gears SI . S2 and 
S3 and the ring gears R1 , R2 and R3. The sun gear S1 
of the first planetary gear mechanism 16 and the sun ss 
gear S2 of the second planetary gear mechanism 17 
are integally connected to each other, and the ring gear 
R1 , the carrier K2 and the carrier K3 are also integrally 



connected. The carrier K3 is mounted on an output 
shaft 19. On the other hand, the ring gear R2 and the 
sun gear S3 are integrally connected. Moreover, a first 
dutch C1 is interposed between the ring and sun gears 
R2 and S3 and an input shaft 20, and a second clutch 
C2 is interposed between the sun gears S1 and S2 and 
the input shaft 20. This input shaft 20 is connected to 
the carrier 14 of the planetary gear mechanism 1 1 con- 
structing the aforementioned torque synthesizing/ dis- 
tributing mechanism 10. 

[0021 ] As brake means, there is provided a first brake 
Bl of band type, which is mounted on a housing 21 for 
stopping the rotations of the sun gears Si and S2. 
Between the sun gears S1 and S2 and the housing 21, 
on the other hand, there are serially interposed a first 
one-way dutch F1 and a second brake B2. Of these, the 
first one-way clutch F1 is applied when the sun gears 
S1 and S2 are to rotate backward of the rotational direc- 
tion of the input torque. 

[0022] A third brake B3 is interposed between the car- 
rier K1 and the housing 21 , and a fourth brake B4 and a 
second one-way dutch F2 are interposed in parallel 
between the ring gear R3 and the housing 21. The sec- 
ond one-way dutch F2 is applied when the ring gear R3 
is to rotate backward. The clutches C1 and C2 and the 
brakes B1 , B2, B3 and B4 thus far described belong to 
hydraulic type fractional engagement devices, the fric- 
tional elements of which are brought into engagement 
by the action of an oil pressure. 
[0023] There is provided a transmission electronic 
control unit (T/M-ECU) 22 for setting individual gear 
stages according to the running states by controlling 
those frictional engagement devices. This, electronic 
control unit 22 is fed with signals such as a brake signal 
or a shift range signal indicating the state of the vehicle. 
[0024] The individual electronic control units 4, 5. 9 
and 22 thus far described are connected for data com- 
munications with a hybrid electronic control unit 23. This 
hybrid electronic control unit 23 is fed with signals such 
as the brake signal indicating the state of the vehicle 
and communicates to transmit data with the other elec- 
tronic control units 4, 5, 9 and 22. 
[0025] Fig. 4 tabulates the running modes which can 
be set by the drive system shown in Fig. 2. In Fig. 4, 
symbols O denote the applied state, and symbols X 
denote the released state Moreover, Fig. 5 is a table 
enumerating the applied/released states of the frictional 
engagement devices for setting the individual gear 
stages of the transmission 15 shown in Fig. 3. In Fig. 5: 
symbols O denote the applied state; symbol <§) 
denotes that the device has, even if applied, no relation 
to the torque transmission; symbols • denote that the 
devices are applied to effect the engine brake; and 
blanks denote the released state. 
[0026] Here will be briefly described the individual run- 
ning modes. Of these, the motor running mode is one in 
which the vehide is run exdusively by the output of the 
motor/generator 2. In this motor running mode, the input 
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clutch Ci is released or partially applied, or temporarily 
applied, and the integral clutch Cd is applied. As a 
result the planetary gear mechanism 1 1 is integrated in 
its entirety so that the motor/generator 2 is directly cou- 
pled to the transmission 1 5 to input the motor torque to 5 
the transmission 15. 

[0027] The engine running mode is one in which the 
vehicle is run by the output of the engine 1 and in which 
the electric power is generated, if necessary. In this 
mode, both the input clutch Ci and the integral clutch Cd 10 
are applied to couple the engine 1 to the ring gear 13 
and to integrate the planetary gear mechanism 1 1 as a 
whole. As a result, the output torque of the engine 1 is 
transmitted to the integrated planetary gear mechanism 
11 and further to the transmission 15. Since the is 
motor/generator 2 is coupled to the integrated planetary 
gear mechanism 1 1 , on the other hand, the motor/gen- 
erator 2 can be rotated by the engine 1 to generate the 
electric power. Since the output torque of the 
motor/generator 2 can be transmitted from the plane- 20 
tary gear mechanism 1 1 to the transmission 1 5, moreo- 
ver, the output torque of the engine 1 and the output 
torque of the motor/generator 2 can be synthesized and 
outputted. 

[0028] Here will be described an assist moda Since 25 
the aforementioned torque synthesizing/distributing 
mechanism 10 is constructed of the planetary gear 
mechanism 11. the output torque can be changed in 
various ways by the differential action of the planetary 
gear mechanism 1 1 . In this assist mode, therefore, for 30 
the differential action of the planetary gear mechanism 
1 1 , the integral clutch Cd is released whereas the input 
clutch Ci is applied, so that the engine 1 is coupled to 
the ring gear 13. In this case: the carrier 14 coupled to 
the transmission 15 acts as an output element; the ring 35 
gear 13 acts as an input element; and the sun gear 12 
acts as a reaction element 

[0029] In this state, the output torque of the engine 1 
is transmitted to the ring gear 13, and the motor/gener- 
ator 2 and the sun gear 1 2 are rotated backward. Then, 40 
the carrier 14 is stopped or rotated at a lower speed 
than that of the ring gear 13. If the motor/generator 2 is 
rotated backward to bring the carrier 14 into a stopped 
state, more specifically, the vehicle can be kept in the 
stopped state. If the backward speed of the motor/gen- 45 
erator 2 and the sun gear 1 2 connected to the former is 
gradually reduced, moreover, the carrier; 44 rotates in 
the same direction as that of the engine 1 , and its speed 
gradually rises. Therefore, the torque to be established 
at the carrier 1 4 is either the sum of the output torque of so 
the engine 1 and the reaction torque of the motor/gener- 
ator 2 or the torque which is augmented according to 
the gear ratio in the planetary gear mechanism 1 1 . This 
results in that the engin torque is augmented by the 
motor torque. ss 
[0030] Moreover, a neutral mode is one in which no 
torque is inputted to the transmission 15. In this neutral 
mode, both the input clutch Ci and the integral clutch Cd 



are released. In the planetary gear mechanism 11, 
therefore, the ring gear 13 rotates idly to relieve the 
torque, so that the output toque ol the engine 1 or the 
motor/generator 2 will not be inputted to the transmis- 
sion 15 even if it rotates. This establishes the neutral 
state in which no driving torque is generated. 
[0031 ] The transmission 1 5, as connected to the out- 
put side of the torque synthesizing/distributing mecha- 
nism 10, is provided with the gear stage to be set by 
applying the one-way clutch, as described hereinbefore. 
In order to avoid the delay in or the shock at the applica- 
tion of the one-way clutch, therefore, the drive control 
system of the invention executes the following controls. 
Fig. 1 shows one example of this control routine, by 
which the input speed of the transmission 15 is acceler- 
ated when the gear stage for applying the one-way 
clutch is set by the coast-down shifting. 
[0032] Specifically, it is decided at first (at Step 001) 
whether or not the motor running mode is set This deci- 
sion can be made depending on whether or not the 
hybrid electronic control unit 23 is outputting a control 
signal for driving the motor/generator 2 exclusively. 
When the answer of Step 001 is NO because no motor 
running mode is set. it is decided (at Step 002) whether 
or not the engine running mode is set. This decision can 
also be made on the basis of the control content which 
is being executed by the hybrid electronic control unit 
23. 

[0033] When the answer of Step 002 is NO because 
the engine running mode is riot set. this routine is 
skipped out without any control. When the set motor 
running mode affirms the answer of Step 001 or when 
the set engine running mode affirms the answer of Step 
002. on the other hand, it is decided (at Step 003) 
whether or not the vehicle is in the coast-down shifting 
control. In these motor running mode and engine run- 
ning mode, as has been described as to the individual 
running modes, the integral clutch Cd is applied. When 
the motor/generator 2 is directly, as it is called so, cou- 
pled to the transmission 15, therefore, the routine 
advances to Step 003. 

[0034] The coast-down shifting is a state in which a 
torque is inputted at a deceleration of the vehicle to the 
transmission 15 from its output side so that the gear 
stage is switched to a lower speed side because of a 
reduction in the vehicle speed. The coast-down shifting 
can be decided, for example, on the basis of the control 
content of the transmission electronic control unit 22. 
When the answer of this Step 003 is NO. that is, when 
no coast-down shifting control is performed, this routine 
is skipped out without any control. When the vehide is 
under the coast-down shifting control to affirm the 
answer of Step 003. on the contrary, it is decided (at 
Step 004) whether or not the gear stage to be set by the 
down- shift is one to be set by applying the one-way 
clutch (O.W.C.). In this example, more specifically, it is 
decided whether the gear stage is at the first speed or at 
the third speed. 
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the third speed. A thick solid line indicates the case in 
which the control is made by . the system of the inven- 
tion. When the vehicle is decelerated in the state of the 
fourth speed so that a downshift from the fourth to the 
third speeds is decided at time tl . a control to augment 
of the speed Nm of the motor/generator 2 is executed to 
set the input speed of the transmission 15 to the syn- 
chronous speed (i.e.. the product of the output speed 
No and the gear ratio 7 of the third speed) at the third 
speed. As the (not-shown) accelerator pedal is 
depressed at time t2 to increase the accelerator open- 
ing, the speed of the motor/generator 2 augments in the 
synchronous speed at the third speed in accordance 
with the accelerator opening. Simultaneously with the 
increase in the accelerator opening, the torque for the 
third speed is outputted from the transmission 15 to 
establish no "sluggishness". Since the one-way clutch is 
already applied before the accelerator opening 
increases, moreover, neither the application of the one- 
way clutch accompanying the so-called "accelerator 
ON" nor the accompanying abrupt change in the torque 
arises so that no shock wiO occur. 
[0041 ] In case the control shown in Fig. 1 is not exe- 
cuted, on the contrary, the speed of the motor/generator 
2. i.e.. the input speed of the transmission 15 is begun 
to increase, as illustrated by a broken line, by the accel- 
erator ON. At time t3 after this accelerator ON. the syn- 
chronous speed at the third speed is reached to apply 
the one-way dutch, and then the torque is substantially 
inputted from the motor/generator 2 to the transmission 
15. In short, the third speed is substantially established 
at time t3. from which the driving force of the third speed 
is generated so that a delay in the speed change is 
caused and is felt as the sluggishness by the driver. 
When the one-way dutch is applied, on the other hand, 
the input speed of the transmission 15 is abruptly aug- 
mented from the engine speed to the synchronous 
speed for the third speed so that the speed change or 
the inertial force increases before and after the one-way 
clutch is applied. As a result, the speed fluctuation (or 
the oscillation of the input speed) occurs, as illustrated 
by the broken line in Fig. 6. In short this fluctuation 
appears as the so-called "application shock" to deterio- 
rate the riding comfort of the vehicle. 
[0042] Here in the control system according to the 
invention, when the gear stage at which the one-way 
clutch is applied is to be set in the coasting state, the 
input speed of the transmission may be controlled to 
rise toward the synchronous value at the gear stage. 
Therefore, the aforementioned upper limit (or upper limit 
guard) may be made slightly lower than the synchro- 
nous speed. Tnis is exemplified by the routine of Fig. 7, 
in which the upper limits (or upper limit guards) at Steps 
006 and 007 of Fig. 1 are set (at Step 006A) to a level 
lower by a predetermined value AN than the synchro- 
nous speed at the gear stage after the speed change 
and in which the target value Nmt is replaced by the 
upper limits (at Step 007 A). 
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[0043] The control of the speed Nm of the motor/gen- 
erator 2, i.e., the input speed of the transmission 15 is 
usually performed by the feedback control. In this case, 
the speed may deviate more or less from the target 
value, and it is therefore preferable that the predeter- 5 
mined value AN is set to the deviation range of the 
speed. With this control, the input speed of the trans* 
mission 15 does not exceed even temporarily the syn- 
chronous speed. This makes it possible to present in 
advance the repetition of the application/release of the 10 
one-way clutch in the coasting state and the resultant 
noise. 

[0044] Fig. 8 is a time chart illustrating the changes in 
the input speeds of the transmission 15 when the con- 
trol according to the routine shown in Fig. 7 is made, for is 
a coast-down shifting from the fourth speed to the third 
speed. A thick solid line indicates the case in which the 
control is made by the system of the invention. When 
the vehicle is decelerated in the state of the fourth 
speed so that a downshift from the fourth to third speeds so 
is decided at time t1, a control to sweep up the speed 
Nm of the motor/generator 2 is executed to keep the 
input speed of the transmission 1 5 to the speed lower by 
the predetermined AN than the synchronous speed at 
the third speed. 25 
[0045] Simultaneously as the accelerator is then ON 
at time t2, the speed of the motor/generator 2 is aug- 
mented to the synchronous speed for the third speed so 
that the input speed of the transmission 15 is set to the 
synchronous value for the third speed because the irrte- 30 
gral clutch Cd is applied. Since the change in the speed 
in this meanwhile is slight at the predetermined value 
AN, the time period for the input speed to reach the syn- 
chronous value for the third speed hereby to establish 
the third speed substantially is extremely shortened to 35 
cause none of the so-called "sluggishness". Since the 
rotation change is extremely small at AN, moreover, the 
rotation change till the one-way clutch is applied and the 
torque fluctuation at the application time is so little as to 
raise no shock. Thus, actions similar to those of the con- 40 
trol shown in Fig. 1 are also caused by the control 
shown in Fig. 7. 

[0046] Here will be described the relations between 
the foregoing specific example and the invention. The 
engine 1 corresponds to the internal combustion engine 45 
of the invention; the motor/generator 2 corresponds to 
the electric motor of the invention; and tbe-function of 
Step 003 shown in Fig. 1 or 7 corresponds to coasting 
state detecting means. Moreover, the function of Step 
008 shown in Fig. 1 or 7 corresponds to input speed so 
raising means of the invention. 
[0047] Here, the foregoing specific example exempli- 
fies the hybrid vehicle which is provided with the auto- 
matic transmission shown in Fig. 3. However, the 
construction of the drive system for the hybrid vehicle, to 55 
which the invention is applied, may be other than that of 
the specific example. Moreover, the aforementioned 
example exemplifies the hybrid vehicle drive system 



which is equipped with the torque syrrthesizing/cfistribut- 
ing mechanism. However, the invention can be applied 
to either a hybrid vehicle drive system which is not 
equipped with the transmission mechanism of this kind, 
or a hybrid vehicle which is equipped another type 
transmission mechanism or torque synthesizing/distrib- 
uting mechanism. 

[0048] Here will be synthetically described the advan- 
tages which are achieved by the invention. According to 
the invention, while the one-way clutch is released even 
at the gear stage to apply the one-way clutch and in the 
coasting state, the input speed of the transmission is 
brought by controlling the speed of the electric motor to 
the synchronous speed at that gear stage. As a result, 
the one-way clutch is brought into the applied state 
simultaneously as the so-called "power ON" state is 
established to apply the torque to the one-way clutch 
from its input side. In other words, the one-way clutch 
comes into the state to transmit the torque after a slight 
rotation change or without any rotation change, so that 
the increase in the driving force to accompany th 
power ON state can instantly arise to avoid the so-called 
"sluggishness" such as a delay in the accelerating feel 
in advance. Moreover, the relative rotation between the 
input side member and the output side member to the 
one-way clutch when the one-way clutch is applied as a 
result of the interchange to the power ON state can be 
eliminated or extremely reduced to avoid in advance the 
shock which might otherwise be caused when the one- 
way clutch is substantially applied. 

Claims 

1 . A drive control system (23) for a hybrid vehicle, in 
which an electric motor (2) and an internal combus- 
tion engine -(1) are coupled to the input side of a 
transmission (15) capable of at least one gear 
stage for applying a one-way clutch (F1 , F2), char- 
acterized by: 

coasting state detecting means (4, 5, 22, 23) 
for detecting a coasting state in which said one- 
way clutch (F1, F2) is released in a decelera- 
tion state set with said gear stage; and 
input speed raising means (9, 23) for driving 
said electric motor (2) when said coasting state 
is detected, so that the input speed of said 
transmission (15) may approach the synchro- 
nous speed which is the product of the gear 
ratio of the gear stage to be set by applying 
said one-way clutch (F1, F2) and the output 
speed of said transmission (15). 

2. A hybrid vehicle drive control system as set forth in 
Claim 1 , characterized: 

in that said input speed raising means (9, 23) 
includes means (9, 23) for augmenting the 
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input speed of said transmission (15) gradually 
by augmenting the speed of said electric motor 
. (2) by a predetermined addtionaJ speed. 

3. A hybrid vehicle drive control system as set forth in s 
Claim 1. characterized: 

in that said input speed raising means (9, 23) 
includes means (9, 23) for augmenting the 
speed, of said electric motor (2) till the input 10 
speed of said transmission (15) comes into 
coincidence with said synchronous speed. 

4. A hybrid vehicle drive control system as set forth in 
Claim 1, characterized: is 

in that said input speed raising means (9, 23) 
includes means (9, 23) for augmenting the 
speed of said electric motor (2) till the input 
speed of said transmission (15) reaches an 20 
input speed smaller by a predetermined value 
than said synchronous speed. 
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(54) Drive control system for hybrid vehicles 

(57) A drive control system for a hybrid vehicle for 
preventing a delay in the application of a one-way clutch 
in a transmission and an application shock. In this drive 
control system, an electric motor and an internal com- 
bustion engine are coupled to the input side of a trans- 
mission having at least one gear stage to be set by 
applying a one-way clutch. The drive control system 
comprises: a detector for detecting a coasting state in 
which the one-way clutch is released in a deceleration 



state set with the gear stage; and an input speed raising 
device for driving the electric motor when the coasting 
state is detected, so that the input speed of the trans- 
mission may approach the synchronous speed which is 
the product of the gear ratio of the gear stage to be set 
by applying the one-way clutch and the output speed of 
the transmission. 



FIG.3 



CO 

< 




CO 
CO 

o> 
o 

Q_ 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HBSV3.6 



EP 0 934 844 A3 



Eur pean Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 18 1582 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with incfication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (taUXS) 



D,A 



DE 197 18 709 A (TOYOTA) 

13 November 1997 (1997-11-13) 

* column 19, line 54 - column 21, line 26 



EP 8 773 127 A (TOYOTA ) 
14 May 1997 (1997-85-14) 
* figure 18 * 

& JP 89 193676 A 29 July 1997 (1997-87-29) 



B66K6/64 
B66K41/88 



TECHNICAL FIELDS 
SEARCHED (lnLCL6) 



B68K 



The present search report has been drawn up tor afl claims 



ptmof 

BERLIN 



Oats of oompotion of ttm Match 

14 December 2088 



Krieger, P 



CATEGORY OF CITED DOCUMENTS 

X : parpcutarty relevant if taken atone 

y i partcutarty relevant if combined with another 

document of the same category 
A : technojogcaf background 
O .* non-written disclosure 
P : nter mediate document 



T : theory or principle underlying the inverrcon 
E : earlier patent document, but pubQsned on. or 

after the 6Sng date 
0 ' document cited in theapptcabon 
L i document cited for other reasons 



& : member of the samo patent tamtry. corresponding 
document 



2 



EP 0 934 844 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 1582 



This annex fists the patent family members relating to the patent documents cited in the abow-mentioned European search report 
The members are as contained in the European Patent Office EDP tile on 

The European Patent Office is in no way Gable for these particulars which are merely given for the purpose of information. 

14-12-2900 



Patent document 
cited in search report 



Publication 
date 



Patent famtty 
members) 



Publication 
date 



OE 19718709 A 



13-11-1997 



JP 
US 
US 



9298802 A 
6119799 A 
5984934 A 



18- 11-1997 

19- 09-2000 
16-11-1999 



EP 773127 



14-05-1997 



JP 
US 



9193676 A 
5856709 A 



29-07-1997 
05-01-1999 



o 

w For more details about mis annex : see Official Journal of the European Patent Office. No. 12/82 



3 



